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In this paper we study the scaling relations for the triggering of the fast, or “ideal”, tearing instability starting
from equilibrium configurations relevant to astrophysical as well as laboratory plasmas that differ from the
simple Harris current sheet configuration. We present the linear tearing instability analysis for equilibrium
magnetic fields which a) go to zero at the boundary of the domain and b) contain a double current sheet
system (the latter previously studied as a cartesian proxy for the m=1 kink mode in cylindrical plasmas).
More generally, we discuss the critical aspect ratio scalings at which the growth rates become independent of
the Lundquist number S, in terms of the dependence of the ∆′ parameter on the wavenumber k of unstable
modes. The scaling ∆′(k) with k at small k is found to categorize different equilibria broadly: the critical
aspect ratios may be even smaller than L/a ∼ Sα with α = 1/3 originally found for the Harris current sheet,
but there exists a general lower bound α ≥ 1/4.
PACS numbers: Valid PACS appear here
Keywords: Suggested keywords
I. INTRODUCTION
It is widely accepted that the mechanism responsible
for explosive events, both in space and laboratory plas-
mas, is magnetic reconnection, a complex phenomenon
that involves several scales and physical effects in which
the dynamical evolution is affected by the initial configu-
ration. One way in which reconnection may be triggered
is via the tearing instability of thin current sheets. The
latter is characterized by a fundamental parameter ∆′,
which depends uniquely on the equilibrium magnetic field
through the current density and its gradient, as well as
the specific boundary conditions to which the plasma is
subject. The ∆′ parameter is also important for the sub-
sequent non-linear evolution of magnetic islands in dif-
ferent geometrical configurations Furth, Rutherford, and
Selberg 1 , Connor et al. 2 , Ottaviani et al. 3 , though ∆′ on
its own does not suffice to fully determine the dynamics of
the system Militello, Grasso, and Borgogno 4. Studying
the instability of a Harris current sheet, Pucci and Velli 5
(heareafter PV14) showed that for thin current sheets of
thickness 2a and length 2L (assumed to be of the same
order as the macroscopic length scale of the system), the
specific dependence of the inverse aspect ratio a/L on
the Lundquist number S determines when the instabil-
ity becomes fast or “ideal”, where by the latter term it
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is implied that the growth rate no longer depends ex-
plicitly on the Lundquist number. In other words, PV14
showed that the S → ∞ limit of resistive MHD is not
ideal MHD, but rather a magnetohydrodynamics where
the frozen in condition breaks down in thin current sheets
on ideal timescales τ ∼ L/vA, with vA the characteristic
Alfve´n speed. This suggests that reconnection survives
in the limit S → ∞ but that no divergence of growth
rates occurs, the latter result being implicated by the
studies of the plasmoid instability (Loureiro, Schekochi-
hin, and Cowley 6 , Huang and Bhattacharjee 7), based on
the Sweet-Parker current sheet and corresponding island
number scaling laws. More specifically, by assuming the
form a/L ∼ S−α, PV14 showed that the critical inverse
aspect ratio for current sheets was reached at α = 1/3, at
which point the fastest growing tearing mode has a time-
scale comparable to the Alfve´n crossing time and, more
fundamentally, is independent of S. Therefore, the value
1/3 separates slowly unstable current sheets (i.e. with
growth rate scaling as a negative, fractional exponent of
the Lundquist number) from those so violently unsta-
ble (with a growth rate scaling as a positive exponent
of the Lundquist number, including the famed Sweet-
Parker configuration) that they will never form in the
first place. Simulations of a collapsing current sheet by
Tenerani et al. 8 demonstrated the fundamental correct-
ness of the above scenario for a configuration comprised
of an isolated current sheet of the Harris type.
PV14 also discussed a number of other consequences
of “ideal” tearing: namely that the singular layer of the
tearing mode has a thickness 2δ which scales as δ/L ∼
S−1/2 and a number of islands born out of the linear
2instability that scales as kL ∼ S1/6. The corollary of
the result that at a/L ∼ S−1/3 the fastest growing mode
no longer scales with S is that such modes, close to the
maximum growth rates, remain the only growing modes
at asymptotically large S , as modes at any other values
of the wave number end up decaying in time. Such result
is now corroborated by other simulations (Huang et al.,
2017), which include the effects of flows and the dynamics
of current sheet thinning, even though flows are known to
play a stabilizing effect at low Lundquist numbers (Chen
et al. 2018, Bulanov et al. 1978).
The scaling in analysis in PV14 was fundamentally de-
pendent on the details of the chosen equilibrium pro-
file, the Harris current sheet with characteristic gradi-
ent scale a. On the other hand isolated Harris-type
current sheet are probably a rare occurrence in natu-
ral plasmas, where magnetic configurations more com-
plex than the planar sheets are continuously perturbed
by background turbulence and/or by macroscopic forc-
ings, which may drive the field to ideal instability before
reconnection takes place. Multiple current sheet configu-
rations commonly occur in astrophysical plasmas: rapid
rotators with an inclined magnetic axis, such as the case
of pulsar magnetospheres Contopoulos 9 , lead to a wav-
ing current sheet which piles up into a series of alter-
nating current layers almost orthogonal to the rotation
axis. In the solar corona, the helmet streamers where
the closed field is pinched off into the solar wind, are
not always completely dipolar, but may contain multi-
ple polarities, leading to the formation of multiple cur-
rent sheets as the streamer is stretched into the wind
Klein and Burlaga 10 , Woo 11 , Crooker et al. 12 , Dahlburg
and Karpen 13 . Multiple current sheet configurations
have been observed in laboratory plasmas as well: as
pointed out e.g. by Ono et al. 14 , both for Reversed Field
Pinches and Tokamaks, the periodic and/or continuous
self-organization of their magnetic configurations pro-
duces multiple reconnection points Longcope and Klap-
per 15 , Bierwage et al. 16 .
In addition, recent attempts incorporate the “ideal”
tearing concept in models of fully developed MHD tur-
bulence Loureiro and Boldyrev 17 , Mallet, Schekochihin,
and Chandran 18 : in these calculations the scaling rela-
tions for current sheet stability modify the energy spec-
tral index of the cascade. But the current sheets arising
in a turbulent cascade most likely have a whole spectrum
of current profiles crossing them, so that modifications of
the critical aspect sheet ratio dependencies arising from
the detailed current profiles will also end up affecting the
energy cascade. We will further comment on this latter
aspect in the conclusion, but it is clearly of great interest
to extend the stability study to more general configura-
tions with differing magnetic field profiles.
Understanding the dependence of the classic tearing
mode instability on the structure of any given equilibrium
depends (at least assuming free or distant boundaries)
on one fundamental parameter, the so called delta prime
or ∆′. The latter is determined by resolving the first
order perturbed momentum equation across the current
sheet in the ideal limit. The perturbed, reconnecting
magnetic field component (which will be called b) is found
to be continuous across the sheet, but its first derivative
retains a finite jump, (that will be ultimately resolved by
including resistive diffusion in the calculation):
∆′ = a limǫ→0
b(+ǫ)− b(−ǫ)
b(0)
; (1)
here b depends only on the coordinate across the sheet
and a represents the typical equilibrium scale-length (or
current sheet half-thickness).
The parameter ∆′ depends on the normalized wave-
number ka (along the sheet) of the reconnecting velocity
and magnetic field perturbations. In this paper we in-
vestigate how, in the limit ka << 1, different dependen-
cies ∆′(k) determine the corresponding “ideal tearing”
scaling thresholds, i.e. the aspect ratio scaling index α
in a/L ∼ S−α, at which the maximum growth rate no
longer depends on S. This affects not only the critical
aspect ratio, but also the number of islands that emerge
from the linear phase once the critical aspect ratio is
reached and the tearing instability becomes fast.
We will present detailed solutions for two cases: a con-
figuration where the magnetic field far from the sheet
vanishes and a double current sheet configuration. The
plan of the paper is the following. In the next section we
recall some terminology and properties related with the
concept of the ”ideal” tearing (IT hereafter) instability
and we describe it in terms of the parameters that de-
fine the equilibrium configurations. In section three we
discuss the scaling relations for an equilibrium magnetic
field which goes to zero at the boundary of the domain,
recovering the trigger condition for the ”ideal” tearing
mode to be developed. In section four we will discuss
the transition to different regimes of a double current
sheet configuration. Finally in the last section we discuss
the results and the more general relevance to nonlinear
plasma dynamics.
II. INSTABILITY REGIMES IN SLAB TEARING
RECONNECTION.
Consider a general slab magnetic field configuration
described as:
B = B0 F(y/a) ex +B0z(y/a) ez, (2)
where F (y/a) is a function of the coordinate y, a defining
the scale of the gradient of magnetic field and B0z is a
field which may depend on y/a to guarantee equilibirum.
We study the linearized resistive MHD equations, where
the frozen in condition for magnetic field lines is locally
violated due to the effect of a finite magnetic diffusivity
η; we neglect kinetic scale effects in Ohm’s law (see Del
Sarto et al. 19 , Pucci, Velli, and Tenerani 20 for the exten-
sion of the “ideal” tearing scenario including such terms
in Ohm’s law). Quantities are assumed to be uniform in
3the direction perpendicular to the plane of the equilib-
rium magnetic field, i.e. ∂/∂z = 0. The equations are
non-dimensionalized by normalizing the magnetic field
and its perturbation in terms of the mean field B0, the
wavenumber k along x with a and we introduce the non-
dimensional displacement ξ = ivy/(γa) and b = by/B0.
The growth rate is normalized to the macroscopic Alfve´n
time as previously defined, τA = L/vA where the Alfve´n
speed vA = B0/
√
4πρ (ρ is the plasma density); the
Lundquist number is defined as S = LvA/η. We therefore
define a new independent variable y¯ = y/a = (y/L)Sα,
and denote derivatives with respect to y¯ with ′. We will
consider an equilibrium current sheet aspect ratio scaling
as a/L ∼ S−α. The tearing mode equations become:


γ˜2 S−2α(ξ′′ − k2ξ) = −k
[
F (y¯)
(
b′′ − k2b
)
− F ′′(y¯)b
]
b = kF (y¯)ξ +
1
γ˜
S(2α−1)
(
b′′ − k2b
)
.
(3a)
(3b)
where γ˜ = γτA is the non dimensional growth rate of
the instability. To recover the classic tearing results, in
which a = L, α = 0 while the Lundquist number and
the Alfve´n speed must be replaced with S¯ = a vA/η and
τ¯A = a/vA respectively. The asymptotic, large Lundquist
number analysis of the solutions to the above equations,
subject to the boundary conditions that the velocity and
magnetic field perturbations vanish far from the sheet,
show that the solution consists of two regions: a bound-
ary layer of thickness 2δ around the center of the current
sheet (which we will center around y = 0), and an outer
regions where diffusion may be neglected. Asymptotic
matching then requires the jump in derivative of b as
calculated from the outer solution only, the ∆′ param-
eter defined above, to equal the jump in derivative of b
calculated moving outwards from the inner solution.
The continuous spectrum of tearing unstable modes is
then described in the two limits of large ∆′ and small
∆′ regimes (also known as the constant-ψ ordering), in
terms of whether ∆′δ/a ≫ 1 or ∆′δ/a ≪ 1. The max-
imum growth rate can be found by matching the two
regimes, i.e. where ∆′δ/a ≃ 1, Del Sarto et al. 19 , Bhat-
tacharjee et al. 21 , Loureiro, Schekochihin, and Uzden-
sky 22 , Tenerani et al. 23 . We recall the results (where we
have defined δ ≡ δ/a)
γ
LD
τ¯A ≃ k
2
3 S¯−
1
3 δ
LD
∼ (S¯k)−
1
3 (4)
γ
SD
τ¯A ≃ A
4
5 k
2
5 (∆′)
4
5 S¯−
3
5 δ
SD
∼ (S¯k)−
2
5 (∆′)
1
5 (5)
where A ≡ Γ(1/4)/(2πΓ(3/4)) is a coefficient given in
terms of the values of Euler’s Γ-function. If we introduce
a dependence of ∆′ on the wavenumber k at small k as a
power law, and assume this to hold also at the maximum
growth wave-number k
M
,
∆′(k
M
) ∼ Ck−p
M
, (6)
where C and p are specified by the magnetic field equi-
librium profile, we can introduce this into the small ∆′
dispersion relation regime, Del Sarto et al. 19 . Assuming
that the two regimes are correct at maximum growth,
using Eq.(6-5) and γ
SD
≃ γ
LD
we find
k
M
= C
3
1+3pA
3
1+3p S¯−
1
1+3p
γ
M
τ¯A ≃ C
2
1+3pA
2
1+3p S¯−
1+p
1+3p
(7)
and for the singular resistive layer δ(k
M
) ∼ S¯− p1+3p . For
the classical Harris-pinch equilibrium, plotted in Fig.1,
the estimation p ≃ 1 obtained in the instability k range
of the corresponding ∆′(k) reveals to be quite reasonable,
providing the known results k
M
∼ S−1/4 and γ˜
M
∼ S−1/2
Furth, Killeen, and Rosenbluth 24 , verified numerically in
Pucci and Velli 5 . As discussed in Landi et al. 25 , even
in the presence of the general equilibrium in Eq.2 it is
easy to show that the linear analysis of the instability is
unchanged with respect to Pucci and Velli 5 .
The relationships in Eq.(7) can be generalized to
a current sheet characterized by a thickness a and a
length L and in particular, since S = vAL/η and
τA = L/vA, we have kML/a ∼ S−1/4(a/L)−5/4 and
γ
M
τA ∼ S−1/2(a/L)−3/2 Pucci and Velli 5 Tenerani
et al. 23 . While the IT condition γτA ∼ 1 separates slowly
unstable current sheets from supertearing instabilities
Loureiro, Schekochihin, and Cowley 6 , Huang and Bhat-
tacharjee 7 , the condition to have plasmoids, i.e. more
than one island along the current sheet length associated
to the fastest mode, since k
M
L/a = nπ, is having an
integer n > 1. This means S−1/4(a/L)−5/4 > π, i.e. for
an inverse aspect ratio a/L ∼ S−α
α =
1
5
(
4
log10 π
log10 S
+ 1
)
. (8)
i.e. for instance if S = 1012, α ≥ 0.233.
III. BOUNDARY MAGNETIC FIELD
Consider an equilibrium magnetic field of the form
B = B0
tanh(y/a)
cosh2(y/a)
ex, (9)
showed in Fig.1, where the equilibrium magnetic field is
localized in the y direction. For this equilibrium magnetic
field profile, the ∆′ parameter is
∆′ = 2
[
6κ2 − 9
κ(κ2 − 4) − κ
]
(10)
where κ = k2 + 4 and the instability regime occurs for
k <
√
5, Porcelli et al. 26 . For k ≪ 1 Eq.(10) can be
express in the form Eq.(6), for p = 2. From Eq.(7), for
the maximum growth rate we find
k
M
= C
3
7A
3
7 S¯−
1
7 (11)
γ
M
≃ C 27A 27 S¯− 37 (12)
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FIG. 1. Typical profiles of the different magnetic field equilib-
ria considered here: Harris equilibrium (red), magnetic field
which goes to zero at the boundary of the domain (blue) and
a double current sheet configuration (green).
FIG. 2. Scaling of the maximum growth rate as a function of
the Lundquist number and wave vector (in the inset) corre-
sponding to the maximum growth rate for the classic tearing
mode, i.e. inverse aspect ratio a/L = 1, for an equilibrium
profile of the form Eq.(9).
which is verified numerically as shown in Fig.2. Apply-
ing the renormalization criterion, as described in Sect.II,
neglecting the dependence on the coefficients A and C,
one gets
γτA ≈ S−3/7
( a
L
)
−10/7
, (13)
and assuming a scaling for the inverse aspect ratio
a
L
∼
S−α, the condition
γτA ≈ 1⇒ α = 3/10. (14)
As shown in Fig.3 for this value of α for S → ∞ the
growth rate reaches an asymptotic value of γτ¯A ∼ 1.1,
0.2 0.4 0.6
ka
0.4
0.6
0.8
1.0
1.2
γτ
A
S=108
S=109
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S=1011
FIG. 3. Growth rate normalized to the Alfve´n time (τA =
LvA/η) as a function of the wave vector for a current sheet
with an inverse aspect ratio a/L ∼ S−3/10, for an equilibrium
profile of the form Eq.(9). Notice the maximum growth rate
does not depend on the Lundquist number and is of the order
of an Alfve´n time.
independent of the resistivity. For arbitrary p, Eq. (14)
generalizes to
α =
1 + p
2(1 + 2p)
, (15)
so 0.25 ≤ α ≤ 0.5. Notice that a/L ∼ S−3/10 > S−1/3,
i.e. the critical inverse aspect ratio is larger in this case
with respect to an initial Harris type current sheet, so
still much thicker than the Sweet Parker current sheet
configuration.
IV. THE DOUBLE TEARING MODE.
Consider now a double current sheet configuration, de-
scribed by
B =
B0
2
[
tanh
(
y − xs
a
)
−tanh
(
y − 3xs
a
)
−1
]
ex, (16)
where xs is the semi-distance between the two rational
surfaces and a the thickness of the current sheet, see
Fig.1. The mutual interaction between the rational sur-
faces may lead to a coupled tearing mode so that, de-
pending on the distance which separates the two current
sheets, the dispersion relation presents two asymptotic
regions Pritchett, Lee, and Drake 27 . For the classic dou-
ble tearing mode instability the latter paper shows that,
setting x¯s = xs/a, when
(k/S¯)1/3 ≪ kx¯s ≪ (k2/S¯)1/9, (17)
the growth rate scales as
γτ¯A ≈ (k2B′20 /S¯)1/3. (18)
5The lower limit in Eq.(17) guarantees that δ ≪ x¯s, i.e.
the inner resistive layer is much smaller than the dis-
tance between the two rational surfaces, which allows the
matching between the inner resistive region and the outer
ideal region. The upper limit is provided by |λh| ≪ 1
where |λh| := |γAτ¯A(S¯/(kˆB′0)2)1/3|, where γAτ¯A is the
double kink mode growth rate, described by Eq.(17) of
Pritchett, Lee, and Drake 27 . The latter depends on the
equilibrium configuration, in particular for Eq.(16):
γAτ¯A = −
(
πk3
B′0(x¯s)
)∫ x¯s
0
tanh2
(
x′ − xs
a
)
dx′
= πk3x¯3s, (19)
i.e. γAτ¯A ∼ k3x¯3s, so that |λh| ∼ 1 provides the right
inequality in Eq.(17). In the opposite case, for |λh| ≫ 1
(k2/S¯)1/9 ≪ kx¯s ≪ 1, (20)
the growth rate scales as
γτ¯A ≈
(
8 Γ(5/4)
γAτ¯AΓ(−1/4)
)4/5
(k2B′20 /S¯)
3/5, (21)
where, Γ is the Euler gamma function. The upper limit is
necessary to provide the solution in the ideal region for
the asymptotic matching. The transition between the
two regimes, for B′0 = 1, occurs for k ∼ x¯−9/7s S¯−1/7. The
regime identified by Eq.(18) appears to be the fastest
one, in particular for a fixed distance between the two
resonant surfaces, we have the maximum growth rate at
the transition between the two regimes, i.e. for
γτ¯A ≈ (x¯
−9/7
s S¯
−1/7)2/3S¯−1/3 ⇒ γτ¯A ≈ x¯
−6/7
s S¯
−3/7. (22)
We verified numerically the scaling for the maximum
growth rate as a function of the Lundquist number, as
well as the wavevector corresponding to the maximum
growth rate, as shown in Fig.4
If we want to generalize the IT condition for the double
current sheet configuration we must take into account the
condition k x¯s ≪ 1, so
γτA ≈ x¯−6/7s S−3/7
( a
L
)
−10/7
, (23)
i.e. the distance between the two resonant surfaces is
fixed and of the order of a. Assuming a scaling for the
inverse aspect ratio
a
L
∼ S−α, the condition
γτA ≈ 1⇒ α = 3/10, (24)
verified numerically, as shown in Fig.5. In terms of
wavevector the coupled tearing mode regime occurs for
kL
( a
L
)
≪ x¯−9/7s S−1/7
( a
L
)
−1/7
, (25)
Using (24):
kL≪ x¯−9/7s S12/35, (26)
FIG. 4. Scaling of the maximum growth rate as a function
of the Lundquist number and wave vector corresponding to
the maximum growth rate for the configuration described by
Eq.(16).
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FIG. 5. Growth rate for the configuration described by
Eq.(16), as a function of the wave vector for α = 3/10. Dif-
ferent colors code different values of the Lundquist number.
where x¯s = xs/a = π/2 in our case. Since the mini-
mum available wavevector is kminL = π, for S → ∞
the coupled tearing regime is realized for a large num-
ber of modes (for instance S¯ = 107 the condition holds
π ≥ kL ≪ 140). The Eq.(26) can be interpreted as a
condition on the distance between the two rational sur-
faces in order to have a coupled tearing mode regime,
i.e x¯s ≪ (1/2π)7/9S4/15. For xs/a ≫ 1, for instance in
the case of xs/L ∼ 1, the analysis in Pritchett, Lee, and
Drake 27 is invalid yet a coupled configuration should still
exist. Indeed we estimated numerically the value of α in
the case xs/a≫ 1 finding that 3/10 ≤ α ≤ 1/3.
6V. CONCLUSIONS
In this paper we have discussed the critical aspect ra-
tios required for the fastest tearing mode growth times to
reach values comparable to ideal time-scales for current
sheet equilibria differing from the Harris current sheet.
Under fairly general conditions, it was shown that the
crucial parameter affecting the scaling of the critical as-
pect ratio with the Lundquist number was the power-
law scaling of the ∆′ parameter in the large ∆′ regime,
∆′ ∼ k−p. For the case of a single current sheet profile,
such as the one presented in Sect.III, deviations from the
p = 1 limit of Eq.(6), modify the scaling relations of the
classic tearing mode instability resulting ins modification
of the trigger coefficient α, constraining it to be in the
range 0.25 ≤ α ≤ 0.5, i.e. with a thickness of the limiting
current sheet greater than the Sweet Parker sheet type.
In the case of a double layer configuration, the distance
between the two resonant surfaces, determines wether the
tearing mode instability develops in a coupled or decou-
pled regime, while the maximum growth rate occurs at
the transition between the two. The rescaling argument
provides a value for the trigger aspect ratio a/L ∼ S−3/10
very similar to the value 9/29 estimated in the linear nu-
merical solutions presented in Baty 28 .
As discussed in Tenerani et al. 8,23 the critical aspect
ratio criterion for fast reconnection is also important be-
cause it affects the subsequent nonlinear evolution of a
current sheet or current sheet system in the nonlinear
phase. More specifically, the criterion can be applied to
understand the trigger of nonlinear secondary reconnec-
tion and the subsequent self-similar collapse, at least in
2D, giving insight into turbulence initiated by tearing
in an initially laminar current sheet. With application
to the secondary reconnecting instabilities in the nonlin-
ear regime of the m=1 resistive kink mode in tokamaks,
Del Sarto and Ottaviani 29 have discussed the nonlinear
transition to fast reconnection stressing the re-scaling (or
embedding) effects due to the decreased magnetic field
on the reconnecting current sheet compared to the over-
all global field intensity. They found subsequent non-
linear secondary instability to evolve in this case on a
very weakly S dependent time-scale.
Recently, attempts have also been made to incorporate
the effects of the fast tearing of thin current sheets into
models of fully developed MHD turbulence (Loureiro and
Boldyrev 17 , Mallet, Schekochihin, and Chandran 18). In
these models, the authors assume - as has been often
conjectured and been previously shown in many numer-
ical simulations (see, e.g., the simulations of Rappazzo
et al. 30 and Yang et al. 31 ) - that the fundamental, dissi-
pative coherent structure evolving out of the anisotropic
nonlinear cascade is a current sheet (with aspect ra-
tios depending on the scale and precise nature of the
anisotropy). The idea is that the subsequent destabiliza-
tion of the current sheet, once its aspect ratio has be-
come too large, affects the subsequent nonlinear cascade
and therefore also the inertial range spectrum. In this
case, the trigger condition is given by the fastest tear-
ing mode growth time becoming comparable to the non-
linear transfer time at the given scale (both time-scales
independent of the Lundquist number). This gives a con-
dition on the scale at which the inertial range spectrum
is modified: the actual aspect ratio at which the tearing
mode loses its scaling with the Lundquist number there-
fore also affects the subsequent inertial range spectrum.
The results of the present paper are relevant in that they
bracket the ranges of critical aspect ratios for a specific
set of current profiles. It is important to note that in
the turbulent cascade additional details will almost cer-
tainly become relevant, from the combined flow-current
profile of the individual current sheet (coherent struc-
ture), to the precise topological nature of the structure it-
self (neutral vs non-neutral current sheets, for example).
Finally, though the trigger aspect-ratios are fundamental
in the 2D nonlinear evolution, a 3D system may evolve
directly through ideal secondary instabilities permitted
by the initial reconnection-determined topology change:
for example, kink-type instabilities may take over. This
would modify the nonlinear recursive resistive evolution
discussed by Tenerani et al. 8 . We plan to address some
of these issues in upcoming papers.
VI. ACKNOWLEDGEMENTS
This work was supported by the NASA Parker Solar
Probe Observatory Scientist grant NNX15AF34G and
the NSF-DOE Partnership in Basic Plasma Science and
Engineering Award 1619611. The research presented also
benefited greatly from discussions at the ISSI team meet-
ings on “Explosive Processes in the Magnetotail: Recon-
nection Onset and Associated Plasma Instabilities” held
in Bern, Switzerland from 17–21 October 2016 and 23-27
October 2017.
1H. P. Furth, P. H. Rutherford, and H. Sel-
berg, “Tearing mode in the cylindrical tokamak,”
Physics of Fluids 16, 1054–1063 (1973).
2J. W. Connor, S. C. Cowley, R. J. Hastie, T. C. Hender,
A. Hood, and T. J. Martin, “Tearing modes in toroidal geome-
try,” Physics of Fluids 31, 577–590 (1988).
3M. Ottaviani, N. Arcis, D. F. Escande, D. Grasso,
P. Maget, F. Militello, F. Porcelli, and W. Zwingmann,
“Progress in the theory of magnetic reconnection phenomena,”
Plasma Physics and Controlled Fusion 46, B201–B212 (2004).
4F. Militello, D. Grasso, and D. Borgogno, “The deceiv-
ing ∆ ’ : On the equilibrium dependent dynamics of non-
linear magnetic islands,” Physics of Plasmas 21, 102514 (2014),
arXiv:1403.6376 [physics.plasm-ph].
5F. Pucci and M. Velli, “Reconnection of Quasi-singular Current
Sheets: The ”Ideal” Tearing Mode,” ApJ 780, L19 (2014).
6N. F. Loureiro, A. A. Schekochihin, and S. C. Cow-
ley, “Instability of current sheets and formation of plas-
moid chains,” Physics of Plasmas 14, 100703–100703 (2007),
astro-ph/0703631.
7Y.-M. Huang and A. Bhattacharjee, “Turbulent Magnetohydro-
dynamic Reconnection Mediated by the Plasmoid Instability,”
ApJ 818, 20 (2016), arXiv:1512.01520 [physics.plasm-ph].
8A. Tenerani, M. Velli, A. F. Rappazzo, and F. Pucci,
“Magnetic Reconnection: Recursive Current Sheet Col-
7lapse Triggered by ’Ideal’ Tearing,” ApJ 813, L32 (2015),
arXiv:1506.08921 [physics.plasm-ph].
9I. Contopoulos, “The magnetic field topology in the re-
connecting pulsar magnetosphere,” A&A 472, 219–223 (2007),
arXiv:0706.2255.
10L. Klein and L. F. Burlaga, “Interplanetary sector boundaries
1971-1973,” J. Geophys. Res. 85, 2269–2276 (1980).
11R. Woo, “Near-sun solar wind consequences of solar structure
and dynamic phenomena observed by radio scintillation measure-
ments,” in Solar Dynamic Phenomena and Solar Wind Conse-
quences, the Third SOHO Workshop, ESA Special Publication,
Vol. 373, edited by J. J. Hunt (1994) p. 239.
12N. U. Crooker, G. L. Siscoe, S. Shodhan, D. F. Webb,
J. T. Gosling, and E. J. Smith, “Multiple heliospheric
current sheets and coronal streamer belt dynamics,”
J. Geophys. Res. 98, 9371–9381 (1993).
13R. B. Dahlburg and J. T. Karpen, “A triple current
sheet model for adjoining coronal helmet streamers,”
J. Geophys. Res. 100, 23489–23498 (1995).
14Y. Ono, M. Inomoto, T. Okazaki, and Y. Ueda, “Ex-
perimental investigation of three-component magnetic re-
connection by use of merging spheromaks and tokamaks,”
Physics of Plasmas 4, 1953–1963 (1997).
15D. W. Longcope and I. Klapper, “A General Theory of Connec-
tivity and Current Sheets in Coronal Magnetic Fields Anchored
to Discrete Sources,” ApJ 579, 468–481 (2002).
16A. Bierwage, S. Hamaguchi, M. Wakatani, S. Benkadda,
and X. Leoncini, “Nonlinear Evolution of q=1
Triple Tearing Modes in a Tokamak Plasma,”
Physical Review Letters 94, 065001 (2005), physics/0412046.
17N. F. Loureiro and S. Boldyrev, “Role of Magnetic
Reconnection in Magnetohydrodynamic Turbulence,”
Physical Review Letters 118, 245101 (2017).
18A. Mallet, A. A. Schekochihin, and B. D. G. Chandran,
“Disruption of sheet-like structures in Alfve´nic turbulence
by magnetic reconnection,” MNRAS 468, 4862–4871 (2017),
arXiv:1612.07604 [astro-ph.SR].
19D. Del Sarto, F. Pucci, A. Tenerani, and M. Velli,
“”Ideal” tearing and the transition to fast reconnec-
tion in the weakly collisional MHD and EMHD regimes,”
Journal of Geophysical Research (Space Physics) 121, 1857–1873 (2016),
arXiv:1511.00035 [physics.plasm-ph].
20F. Pucci, M. Velli, and A. Tenerani, “Fast Magnetic Reconnec-
tion: ”Ideal” Tearing and the Hall Effect,” ApJ 845, 25 (2017),
arXiv:1704.08793 [astro-ph.SR].
21A. Bhattacharjee, Y.-M. Huang, H. Yang, and B. Rogers,
“Fast reconnection in high-Lundquist-number plasmas due to
the plasmoid Instability,” Physics of Plasmas 16, 112102 (2009),
arXiv:0906.5599 [physics.plasm-ph].
22N. F. Loureiro, A. A. Schekochihin, and D. A. Uz-
densky, “Plasmoid and Kelvin-Helmholtz instabilities in
Sweet-Parker current sheets,” Phys. Rev. E 87, 013102 (2013),
arXiv:1208.0966 [physics.plasm-ph].
23A. Tenerani, M. Velli, F. Pucci, S. Landi, and A. F. Rap-
pazzo, “”Ideally” unstable current sheets and the trigger-
ing of fast magnetic reconnection,” ArXiv e-prints (2016),
arXiv:1608.05066 [astro-ph.SR].
24H. P. Furth, J. Killeen, and M. N. Rosenbluth,
“Finite-Resistivity Instabilities of a Sheet Pinch,”
Physics of Fluids 6, 459–484 (1963).
25S. Landi, L. Del Zanna, E. Papini, F. Pucci, and M. Velli, “Re-
sistive Magnetohydrodynamics Simulations of the Ideal Tearing
Mode,” ApJ 806, 131 (2015), arXiv:1504.07036 [astro-ph.SR].
26F. Porcelli, D. Borgogno, F. Califano, D. Grasso, M. Ottaviani,
and F. Pegoraro, “Recent advances in collisionless magnetic re-
connection,” Plasma Physics and Controlled Fusion 44, 389–405
(2002).
27P. L. Pritchett, Y. C. Lee, and J. F. Drake,
“Linear analysis of the double-tearing mode,”
Physics of Fluids 23, 1368–1374 (1980).
28H. Baty, “Explosive Magnetic Reconnection in Double-
current Sheet Systems: Ideal versus Resistive Tearing Mode,”
ApJ 837, 74 (2017).
29D. Del Sarto and M. Ottaviani, “Secondary
fast reconnecting instability in the sawtooth
crash,” Physics of Plasmas 24, 012102 (2017),
arXiv:1603.00276 [physics.plasm-ph].
30A. F. Rappazzo, M. Velli, G. Einaudi, and R. B. Dahlburg,
“Nonlinear Dynamics of the Parker Scenario for Coronal Heat-
ing,” ApJ 677, 1348-1366 (2008), arXiv:0709.3687.
31Y. Yang, W. H. Matthaeus, Y. Shi, M. Wan, and
S. Chen, “Compressibility effect on coherent structures, en-
ergy transfer, and scaling in magnetohydrodynamic turbulence,”
Physics of Fluids 29, 035105 (2017).
